Background Capsaicin has been shown previously to reduce nasal complaints in patients with a non-allergic non-infectious perennial rhinitis. Proposed pathophysiological mechanisms for non-allergic non-infectious perennial rhinitis include a chronic inflammatory disorder of an antigenic or neurogenic nature as well as the possibility of a functional neuronal disorder. We hypothesized that the beneficial effect of capsaicin might be the result of a down-regulation of inflammation (by a reduction of inflammatory cells) or through modulation of neural tissue density. Methods Patients were treated with either a placebo or capsaicin spray solution delivering 0.15 mg of capsaicin per nostril once every second or third day for a total of seven treatments. Both sides were treated each visit. Biopsies were taken before and 2 weeks, 3 months and 9 months after the treatment period. Immunohistochemical staining of the biopsy specimen was performed to ascertain the effect of treatment on immunocompetent cell densities (quantitative) and neural tissue densities (semi-quantitative) in the nasal mucosa. Results Nasal complaints were significantly reduced in the capsaicin-treated group. The number of CD1
Introduction
In a double-blind placebo-controlled study we recently demonstrated that capsaicin is highly effective in controlling non-allergic non-infectious rhinitis [1] . A long-lasting relief in symptoms was obtained for at least 9 months.
Capsaicin is the pungent agent in red peppers. Its mode of action is well documented in rodents, where it affects mainly the thin, unmyelinated sensory nerve fibres. It causes initial stimulation (with release of endogenous neuropeptides), followed by desensitization to capsaicin and other sensory stimuli [2] . With higher doses, long-term functional or even morphological ablation of the thin sensory neurons occurs [3] . In humans, the effect of capsaicin has not been fully documented [4] . Moreover, the pathophysiological mechanism for non-allergic noninfectious perennial rhinitis is not understood. Proposed mechanisms include a chronic inflammatory disorder of an antigenic or neurogenic nature, or a functional neuronal disorder [5, 6] .
To study whether capsaicin reduces inflammation or modulates nasal neuronal tissue densities we performed a nasal biopsy study in 24 patients with non-allergic non-infectious perennial rhinitis. Cells were quantified per square millimetre and the sections stained with neuronal markers were scored semi-quantitatively for morphometric changes.
Materials and methods

Subjects
Patients were admitted to the study if they had a history of nasal complaints such as nasal obstruction, sneezing, and rhinorrhea for a period of over 1 year which could not be attributed to allergic rhinitis, nasal or paranasal sinus infection, anatomical disorders affecting nasal function, pregnancy or lactation and/or systemic disorders [7, 8] . They were non-smokers not using medication affecting nasal function. Patients with nasal polyps were excluded, since they may belong to a different pathophysiological group and their polyps may contribute to a higher symptom score for nasal blockage and/or rhinorrhea.
Study design
Thirty-five patients with the diagnosis of non-allergic noninfectious perennial rhinitis scored nasal blockage, clear discharge, sneezing and coughing using a four point scale; mucus production (absent or present) was noted for a period of 2 weeks using a daily record card [1, 7, 8] . Mucus production or coughing were used as indicators of upper airway infection. If present they led to exclusion of the patient. Patients were included in this study if periods of clear nasal discharge, sneezing and nasal blockage persisted for an average of at least 1 h/day for at least 5 days during a period of 14 days. The duration of complaints during the day was used as the prime criterion for further study. Twenty-five of the 35 patients were found eligible for our study and participated under conditions of informed consent (male/female: 16/9); mean age was 36 years (range: 18-60 years). One of the 14 capsaicin patients could not continue after three capsaicin applications because of influenza with fever.
Procedures were approved by the local medical ethics committee.
Patients were randomized in a double-blind placebocontrolled fashion and treated with placebo (11 persons) or capsaicin (14 persons). A total of seven treatments over a period of 2 weeks were given.
Treatment procedure
The nose was decongested with xylometazolinehydrochloride 0.1% and anaesthetized with lidocaine base-spray (100 mg/mL). Capsaicin aqueous nasal spray (0.15 mg) or placebo were instilled in each nostril [1] . The application of Xylocaine R spray in the nasal airway was immediately followed by a painful sensation that was described by all subjects as most unpleasant. Patients did not complain of irritation of nose and lips during or after capsaicin/placebo application. At every visit the subjects rated nasal symptoms on a visual analogue scale (0-10 cm; 0 represented absence of symptoms and 10 represented high intensity of symptoms). Daily record card scoring was continued for up to 2 weeks after treatment [1] .
Nasal biopsies were taken four times: at the run-in period, and 2 weeks, 3 months and 9 months after the treatment period ( Fig. 1) . After randomization of the biopsy side, specimens of nasal mucosa were taken from the lower edge of the inferior turbinate, about 2 cm posterior to the front edge, using a Gerritsma forceps with a cup diameter of 2.5 mm [9] . Local anaesthesia was obtained by placing a cotton-wool carrier with 50 mg of cocaine and one drop of adrenaline (1:1000) under the inferior turbinate without touching the biopsy site. The specimens were embedded in Tissue-Tek II OCT (Sakura Finetek Europe BV, Zoeterwoude, The Netherlands) compound and frozen immediately.
Blood: (sodium, potassium, calcium, total protein, albumin, urea, creatinine, bilirubin, alkaline phosphatase, aspartate aminotransferase, alanine aminotransferase, gammaglutamyl transpeptidase, haemoglobin, red blood cell count, plasma cell volume, mean corpuscular volume, platelets, total white blood cell count, neutrophils, lymphocytes, monocytes, eosinophils, basophils) and urine: (blood, protein, glucose) samples were taken during visits one and nine to monitor changes during therapy.
Staining procedures
Monoclonal antibodies (mAb) directed against synaptophysine, neurofilament, CD1, CD3, CD25, CD68, IgE, MBP, chymase and tryptase (Table 1) were used together with the super sensitive immunoalkaline phoshatase (ss-APAAP) method. Sections of nasal mucosa were cut at 6 mm on a cryostat (Jung Frigocut 2800E/20/40), transferred to poly Llysine-coated microscope slides, dried and fixed in acetone for 10 min at room temperature. They were next rinsed in phosphate-buffered saline (PBS, pH 7.2), placed in a halfautomatic stainer (Sequenza, Shandon, Amsterdam, The Netherlands) and incubated with normal goat serum (CLB, Amsterdam, The Netherlands) for 10 min. Following this the slides were incubated with the mAb for 60 min at room temperature. The sections were then rinsed again in PBS for 10 min and incubated for 30 min with a goat antimouse (1:50) biotin, rinsed successively in PBS, incubated with streptavidin alkaline phophatase supersensitive (1:50) (Biogenex, Klinipath, Duiven, The Netherlands) for 30 min at room temperature, rinsed in PBS and TRIS buffer (pH 8.5), and incubated for 30 min with a new fuchsin substrate (Chroma, Kongen, Germany). Finally, sections were rinsed with distilled water, counter-stained with Gill's haematoxylin and mounted in glycerine-gelatine. Control staining was performed by substitution with PBS and incubation with an irrelevant mAb of the same subclass.
Light-microscopic evaluation
Stained cells were quantified ('blinded') in two sections of each biopsy specimen. The epithelium and lamina propria were evaluated separately. The total surface area of a section and its main parts (i.e. the epithelium and the lamina propria) were estimated with the use of the Kontron Image Analysis System Videoplan (Zeiss, Weesp, The Netherlands). The number of cells/mm 2 was calculated for the epithelium and the lamina propria. The intensity, number and dimensions (width and length) of neuronal staining was semi-quantified by three separate observers. Biopsies were ranked 1-24 by continuously comparing the biopsies amongst another until all were ranked, by each separate observer. In practice a section would be taken at random, evaluated and put down. The next section would be taken at random and graded for stronger or weaker staining compared with the previous section. The next section would be stronger, weaker, or in between the two previous sections. At the end all sections would be 'on the table' Fig. 1 . Study design During the entire study period patients scored their nasal complaints such as nasal blockage, clear discharge, sneezing, coughing and mucus production on a daily record card. After the first 2 weeks (0-2, run-in) patients with periods of nasal blockage, clear nasal discharge, and sneezing persisted for an average of at least 1 h/day for at least 5 days during the 14 day period. Mucus production and coughing were used as upper airway indicators. If present they led to exclusion of the patient. A biopsy was taken in included patients. Weeks 2-4 were used to allow healing of the nasal mucosa before treatment. During weeks 4-6 a total of seven treatments were given. During the evaluation period (weeks 6-42) three nasal biopsies were taken. 
Statistical analysis
The non-parametric Mann-Whitney U-test was used to compare the differences in cell counts between the groups. A P-value < 0.05 was considered to indicate a significant difference. The Spearman rank correlations between changes in cell numbers and the changes in the visual analogue scale scores per randomization group were calculated.
For the interobserver variation, the rank correlation between the rankings of any two observers was calculated per visit for synaptophysine and neurofilament. Differences in ranking between any two observers were also calculated.
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Results
Biopsies
General description
The sections of the nasal mucosa had an average surface area of 2.0 mm 2 and usually showed a lining of ciliated columnar epithelium with or without goblet cells and/or partially stratified cuboidal epithelium. The lamina propria consisted usually of a looser subepithelial cell-rich layer with mucous glands and a deeper collagenous cell-poor layer. All sections were sufficiently deep to assess
Inflammatory cells
The results are shown in Tables 2a and 2b . The mAb-ss staining showed red cells against a blue counter-stained background. T lymphocytes, small round cells, were abundantly present in the epithelium as well as the lamina propria (Fig. 2) . Sometimes clusters of T cells were found in the epithelium or lamina propria (500-1000). The occurrence of these clusters did not differ between the groups. Langerhans cells, large dendritic cells, were found mostly in the epithelium. Only a few were present in the lamina propria. Mast cells were found mostly in the lamina propria and hardly ever in the epithelium (Fig. 3 ). Eosinophils were hardly ever present in our material. Sometimes moderate infiltrates were found in the mucosa. The occurrence did not differ between the groups. The CD68 positive cells were large cells with a bright staining cytoplasm. This cell type was found to be equally distributed in both layers. No significant changes were found between treatment and placebo for any of the cells.
Neuronal staining
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Blood and urine
No significant changes were found for any of the blood or urine parameters.
Discussion
The effect of capsaicin on nasal complaints and cellular mediators has already been described [1] . To summarize, a 9 month amelioration of nasal complaints was seen without an effect on cellular mediators. The mode of action of capsaicin is not clear, neither is the aetiology of non-allergic non-infectious perennial rhinitis. Proposed mechanisms for non-allergic noninfectious perennial rhinitis include the possibility of a chronic inflammatory disorder. The beneficial effect of capsaicin treatment could be the result of down-regulation of the inflammation, resulting in a reduction in the number of inflammatory cells. Knowledge on the effect of capsaicin provocation on nasal cellular homeostasis is limited to lavage studies following a single capsaicin dose. Philip et al. [10] described biphasic inflammatory-cell influx with neutrophils, eosinophils and mononuclear cells (in nasal lavage) up to 4 h following capsaicin provocation. Roche et al. [4] described an increase in neutrophils but not in other cells 10 min after capsaicin challenge. Whether or not this reflects a 'wash out' by increased nasal secretion, or an increase in mucociliary activity which could sweep cells out of the sinuses, or a transmigration of immunocompetent cells from the vessels through the nasal mucosa in the nasal lumen remains open for discussion [10] . Our nasal biopsy study circumvents the 'wash out problem' since it allows study of all mucosal layers. In a pilot study with three patients (unpublished data) it was learnt that 2 weeks after the last capsaicin treatment a new steady state in nasal symptomatology was reached. If a correlation was to be found between the number of immunocompetent cells and nasal symptomatology, this would be the moment to ascertain it, it was hypothesized. The opportunity to study the direct effect of capsaicin on nasal immunocompetent cells ('provocation effect') was effectively missed since 2 weeks after cessation of the neurogenic stimulus the supposed capsaicin-induced neurogenic inflammation may have withered and would therefore not be detected. A biopsy taken directly after the first treatment was not considered opportunistic because six more treatments would follow.
No correlation was found between nasal symptomatology and any of the immunocompetent cells, for any of the biopsies. Nor were any significant cellular differences found between the placebo and the treatment group at any of the biopsy time points. This could mean that: (1) cells are not an integral part of the neurogenic response; or (2) the animal concept of neurogenic inflammation is not valid for the nasal airway, not even in inflamed airways when a neural hyperresponsiveness has developed [11] .
The absence of correlation between cells and symptoms (which is congruent with our previous study in which a reduction in nasal immunocompetent cell numbers was found in a group of non-allergic non-infectious perennial rhinitic patients treated with fluticasone aqueous nasal spray without a reduction in nasal symptomatology) [8] , the absence of significant differences in the number of immunocompetent cells between capsaicin and placebo group, and the absence of an increase in cellular mediators (as a sign of cellular activation) following capsaicin challenge [1, 12] raises the question of the relevance of the increase of immunocompetent cells in nasal lavage after capsaicin challenge.
Again it is concluded that immunocompetent cells are not involved in non-allergic non-infectious perennial rhinitis [7, 8] .
Reports on the effect of capsaicin treatment on neuronal tissue are not consistent. Lacroix et al. [13] showed a 50% decrease in CGRP-like immunoreactivity after capsaicin treatment of 16 patients with a drug-induced rhinitis suggesting depletion or atrophy of the unmyelinated sensory nerve fibres. In contrast, Wolf et al. [14] , in a study of 123 patients, failed to show any reduction of peptidergic neurons within the nasal mucosa of 16 selected (uncharacterized) patients. He suggested a blockage of receptors as the mode of action. To quantify neuronal staining is difficult and often open to discussion, as nerve fibres may have a different diameter and can be cut at different angles, resulting in an abundant variation in staining morphology (Figs 4 and 5) . A continuous ranking system was used. A very high Kappa for interobserver variability was found, suggesting a reliable quantification method. No significant differences were found between placebo and treatment groups for neurofilament or synaptophysine staining. These antibodies are pan-neurogenic markers. They do not allow discrimination between the adrenergic, the cholinergic and/or the peptidergic system. The data suggests that capsaicin does not induce gross changes in nervous tissue in the nasal mucosa in non-allergic non-infectious perennial rhinitic patients. Other signs of capsaicin-induced mucosal damage were not seen, and inflammatory cell densities were not affected. Possible changes in the peptidergic system (the supposed site of action of capsaicin) might not have been detected with these pan-neurogenic markers.
Capsaicin aqueous nasal spray does significantly improve nasal symptomatology in non-allergic non-infectious perennial rhinitic patients, without affecting cellular homeostasis or overall neurogenic staining up to 9 months after treatment.
